Study Design. A retrospective study. Objective. To analyze the influence of the number of cervical fusion levels on total cervical motion and health-related quality of life (HRQoL) in patients with solid anterior cervical fusions (ACFs). Summary of Background Data. Few studies have analyzed the degree to which cervical range of motion (ROM) and HRQoL are affected by the number of cervical fusion segments. Methods. We analyzed a cohort of patients who underwent ACF for degenerative disc disease. To assess the clinical outcomes and HRQoL, preoperative, 1-and 2-year postoperative neck and arm pain, visual-analogue scale, neck disability index, and short form-36 were analyzed. Radiographically, C2-7 and C0-2 ROM, C2-7 sagittal vertical axis (SVA), and Kellgren grade of radiographic adjacent segment pathology (RASP) were evaluated. Results. A total of 105 patients (M:F ¼ 46:59, mean age of 51.4 yr) were enrolled. There were 36 patients who underwent single-level ACF (group 1), 41 patients who had a double level ACF (group 2), and 28 patients who underwent ACF involving 3 or more levels (group 3). There was no decrease in C2-7 motion in group 1, a mean 7-degree decrease in group 2, a mean 18-degree decrease in those who underwent a 3-level ACF, and a mean 22-degree decrease after 4-level ACF. The grade of RASP was not influenced by the number of fusion levels. All HRQoL parameters showed no significant correlation between number of fusion levels, cervical ROM, and SVA. Conclusion. Single-level ACF showed no decrease in total cervical motion; multilevel ACF decreased cervical motion by a mean of 7.8 degrees per segment of fusion. Progression of RASP showed no correlation with the number of fusion levels. HRQoLs were not influenced by the number of fusion levels, cervical ROM, or SVA after solid ACF. Key words: anterior cervical fusion, cervical spine range of motion, health-related quality of life, myelopathy, NDI, neck disability index, neck motion, number of fusion levels, radiculopathy, radiographic adjacent segment pathology, SF-36, visual analogue scale. Level of Evidence: 3 Spine 2016;41:E474-E480
A nterior cervical fusion (ACF) for degenerative cervical disc disease is widely considered to be a surgery that results in good clinical outcomes. Because loss of segmental range of motion (ROM) is inevitable as a result of fusion, decisions about the number of fusion levels are often controversial. Selective fusion may preserve some degree of cervical motion, but it may leave the adjacent segments with degenerative changes that could lead to adjacent segment pathology (ASP) and less favorable clinical outcomes. On the contrary, fusion that is too extensive would decrease neck motion and may increase medical/surgical complications. Few studies have analyzed the degree to which cervical ROM was decreased or changed by the number of fusion segments.
Assessment of health-related quality of life (HRQoL) using patient-reported outcome instruments such as neck disability index (NDI), short form-36 (SF-36) survey, and Euro-QoL-5D has recently become a popular method for evaluating the outcome of various spine procedures. [1] [2] [3] The hypothesis of the present study is that cervical motion and HRQoL of patients who undergo ACF may be influenced by the number of fusion segments.
To our knowledge, there has been no published study on HRQoL affected by the number of fusion segments in patients who underwent ACF. The purpose of this study is to analyze the influence of the number of cervical fusion levels on total cervical motion and on HRQoLs in patients with solid anterior cervical spine fusions.
MATERIALS AND METHODS
We retrospectively analyzed a single surgeon's cohort of patients who underwent primary ACF for the treatment of degenerative cervical disc disease, including radiculopathy, myelopathy, or both, between 2001 and 2010. An independent spine surgeon with more than 10 years of clinical experience analyzed all of the data. We included patients who had solid radiographic fusions (<1 mm motion, 150% magnified, bridging bone, >3 mm motion at unfused segment) at 1 year postoperatively (1YPO) and regular followup at 2 years postoperatively (2YPO). To avoid the possible influence of clinical adjacent segment pathology (CASP), the follow-up period was limited to 2 years.
Exclusion criteria were incomplete medical records or radiographic data, unplanned visits because of a sudden development or aggravation of clinical symptoms, and pseudarthrosis at 1YPO. We also excluded patients who underwent anterior-posterior surgery or additional surgery because of pseudarthrosis or CASP. The patients who underwent single-level ACDF were assigned to group 1, those who underwent double-level ACDF or single-level anterior cervical corpectomy (ACCF) were assigned group 2, and those who had ACF more than 3 levels were assigned to group 3. To avoid possible influences of combined musculoskeletal conditions on HRQoL, we excluded patients who had a history of surgery on other part of the spine and major joints, systemic inflammatory disease including rheumatoid arthritis, and the ossification of posterior longitudinal ligament.
Collected data included gender, age, and body mass index (BMI). Radiographically, C0-2 Cobb angle (between the line on the foramen magnum and the lower end plate of C2) and C2-7 Cobb angle (between the line on the lower end plate of C2 and C7), T1 slope, and C2-7 sagittal vertical axis (SVA) on the neutral lateral radiograph were measured (Figure 1 ). C0-2 and C2-7 ROM on flexion-extension lateral radiographs of the cervical spine were measured on the preoperative, 1-and 2-year postoperative radiographs. The adjacent segment ROM (ASROM) was measured on flexion-extension lateral radiographs of the cervical spine. The RASP was estimated by Kellgren grade for degenerative changes on the proximal adjacent segments.
The following clinical parameters were collected from patients' medical records: preoperative, 1-and 2-year postoperative VAS of neck (N-VAS) and arm pain (A-VAS), NDI, and physical component summary and mental component summary scores of the SF-36.
The changes in radiographic and clinical parameters in 3 groups were analyzed preoperatively, 1, and 2 years postoperatively. In addition, the correlations between radiographic and clinical outcome parameters were analyzed. Statistical analyses were performed via analysis of variance with Tukey B posthoc analysis and Spearman correlation coefficients using SPSS 17.0 software (IBM Corporation, Armonk, NY). A P value less than 0.05 was considered statistically significant.
RESULTS
Initially, there were 869 patients who underwent ACF for degenerative disc disease within the time period. We Figure 1 . A schematic drawing presents the radiographic parameters. C0-2 and C2-7 angles are presented in (A) and C2-7 SVA and T1 slope in (B). excluded 515 patients who had not been followed up at 1YPO or 2YPO and also excluded 183 patients who had incomplete medical records or radiographic data. We also additionally excluded the patients with unplanned visits due to CASP, traumatic event, or nonspecific symptoms (59 patients) and those who underwent additional surgeries (7 patients). No patients were excluded due to possible pseudarthrosis according to the authors' criteria or surgeries for other musculoskeletal conditions. Finally, a total of 105 patients (M:F ¼ 46:59, mean age of 51.4 years, range 24 to 78 years) were enrolled. There were 36 patients who underwent single-fusion surgery (group 1) and 41 who had a double-level fusion (group 2). A total of 28 patients (group 3) underwent surgery involving 3 or more levels (21 patients had 3 levels fused; 7 patients had 4 levels fused).
No preoperative radiographic and clinical outcome parameters were significantly different in the 3 groups (Table 1) .
Radiographic Results

C2-7 ROM
The mean C2-7 ROM in group 1 showed no significant decrease during the 2-year follow-up time period (40.8 degrees preoperatively, 44.6 degrees at 1YPO, and 42.68 at 2YPO, P ¼ 0.613). In group 2, the mean C2-7 ROM was significantly decreased from 41.8 to 35.2 degrees at 1YPO and 34.6 degrees at 2YPO (P ¼ 0.004). In group 3, the mean C2-7 ROM was decreased from 38.5 to 21.8 degrees at 1YPO and 19.6 degrees at 2YPO (P < 0.001), with no significant difference between C2-7 ROM at 1YPO and 2YPO (Table 2) . There was no decrease in C2-7 motion in group 1 (P ¼ 0.613), a mean 7.1 degrees decrease in group 2 (P ¼ 0.04), and a mean 17.9 degrees (P < 0.001) and 22.1 degrees (P < 0.001; at 1YPO and 2YPO) decrease in 3-and 4-level fusion groups, respectively, compared with preoperative ROM at 2YPO. In summary, a mean 7.8 degrees per segment of fusion was lost due to multilevel fusion (Figure 2) . At 1 and 2 years, comparison between groups 1, 2, and 3 showed significant differences (P < 0.001).
C0-2 ROM
The mean C0-2 ROM showed no significant difference in groups 1 and 2 during the follow up. Significant change was found only in group 3 at 2YPO: mean 5.3 degrees increase (21.5 degrees preoperatively, 24.2 degrees at 1YPO, and 26.8 degrees at 2YPO, P ¼ 0.031). At 1YPO and 2YPO, there was no significant difference between the 3 groups (P < 0.001; Table 2, Figure 3 ). C2-7 SVA and the Adjacent Segments C2-7 SVA showed no significant difference between the 3 groups and during the follow up, except in group 3 at 2 years ( Table 2) .
The mean ASROM and the grade of RASP increased during the follow up in all groups, but showed no significant change. The only significant change was found with the ASROM in group 3 at 2 years (8.4 degrees), which was smaller than that in group 1 (11.2 degrees) and group 2 (10.9 degrees) (P ¼ 0.027).
Clinical Parameters
All clinical parameters improved significantly after surgery, with the exception of SF-36-mental component summary. The parameters at 1YPO and 2YPO showed no significant difference in any of the groups. At 1YPO and 2YPO, comparison between groups 1, 2, and 3 showed no significant difference (Table 3) .
Correlations Between the Radiographic and Clinical Outcome Parameters
For each of the clinical outcome parameters considered, there was no significant correlation found between genders, age, body mass index, number of fusion levels, cervical ROM, and C2-7 SVA (Table 4) .
DISCUSSION
One of the most common questions patients have about anterior cervical arthrodesis procedures have to do with the extent of loss of their cervical range of motion. The primary goal of this study was to investigate the influence of cervical No parameters showed significant difference between the three groups.
fusion on total cervical motion. In addition, we sought to determine the impact that the loss of range of motion has on clinical outcome parameters. To date, the only study on this topic by Landers et al presented neck motion as increased on the sagittal, coronal, and axial planes after 1 to 3-level ACFs at 3-and 6-month postoperative visits. 4 They postulated that the increase in ROM could originate from the improvement of pain. However, patients wore a specialized device that measured total neck motion, but that did not measure the segmental angles Figure 2 . Changes of C2-7 ROM shows no significant decrease in C2-7 motion in group 1 and a mean 7.88 per segment of fusion was lost due to multilevel fusion. At 1YPO and 2YPO, comparison between groups 1, 2, and 3 showed significant differences from with each other (P < 0.001). of the cervical spine. In our study, we only included patients who showed solid radiographic union at 1YPO and 2YPO. We also found that single-level fusion did not show a decrease in cervical motion, but that loss of total cervical motion was inevitable after multilevel cervical fusion. The second goal of the present study was to investigate the influence of decreased cervical motion on HRQoL. Decreased spinal mobility was reported as a factor related to poor HRQoL in patients with ankylosing spondylitis and osteoporosis. [5] [6] [7] [8] In our study, total cervical motion was decreased up to 20 degrees after multilevel anterior fusion. Nonetheless, there was no significant correlation between decreased cervical ROM and HRQoL. We could postulate that this is reasonable result given the studies indicating that cervical motion required for activities of daily living is only 20% to 40% of full ROM. 9, 10 Multilevel fusion was thought to be a factor of ASP because of the increased stress on the adjacent segments than with single-level fusions. However, our results showed that the ASROM and RASP were not significantly increased until 2YPO. Moreover, the ASROM of group 3 (>3 level fusion) was smaller than that of groups 1 and 2 at 2YPO. Part of this may be due to the fact that the more mobile lower subaxial cervical segments were more likely have been fused in group 3. An interesting finding of this study is the C0-2 ROM. The C0-2 angle showed reciprocal changes according to the C2-7 angle. 11, 12 If the C2-7 angle was decreased by degenerative changes or after surgery, the C0-2 angle increased accordingly in order to preserve global cervical alignment. However, we found that C0-2 ROM did not increase to compensate for the decreased C2-7 ROM.
The results of this study do not support the findings that C2-7 SVA correlates with the severity of disability, which has been reported following posterior but not anterior cervical surgery. 13 We found no significant correlation between HRQoL and C2-7 SVA after ACF. This difference may be in part due to differences in the indications and surgical approach of the two groups. Further study is needed to validate the relationship between SVA and HRQoL.
A limitation of this study is the lack of long-term followup data. Because this study evaluated patients with solid ACF, we only included those individuals who underwent regular follow-up without an unplanned visit or a clinical event, such as sudden aggravation of symptoms caused by trauma or CASP. This premise may imply that the results of this study only reflect ACF cases with excellent outcomes. Our rationale for this is that our aim was to mainly focus on the influence of solid cervical fusion on cervical motion and HRQoL, instead of overall clinical outcomes including CSAP or pseudarthrosis. This is because CASP or pseudarthrosis might cause varying degree of axial neck pain that might limit the patient's ROM, which is unrelated to a structural limitation secondary to the fusion. Development of CASP could also be a confounding factor in assessing the HRQoL following cervical fusion. Given extensive studies on overall outcomes of anterior cervical arthrodesis in the literature, we chose the data at one and two years postoperative follow-up to focus on patients with a low probability of CASP, the prevalence is likely to be low in the first 2 years. As far as pseudarthrosis is concerned, we may also have missed some cases, given that we did not obtain CT scans. But we used plain radiographic criteria that have been demonstrated to be nearly as good as CT scans.
14 Despite our short-term follow-up, given the paucity of studies on the influence of cervical fusion on HRQoL, we believe that our study still presents worthwhile data. The results demonstrate that, although as expected, increasing the number of fusion levels decreases ROM; it does not appear to have negative effect on HRQoL. Based on the result of this study and the studies that have found higher incidence of CASP following short fusions, 15, 16 one could postulate that preserving as many motion segments as possible with minimal number of fusion levels should not necessarily be the predominating surgical strategy. If the patient has advanced degenerative segments adjacent to the main pathology, including those segments may be justified. A prospective, longitudinal study with long-term follow-up data would be needed to verify the results of the present study.
CONCLUSION
At 2-year follow-up of solid ACF without CASP, single-level fusion showed no significant decrease in total cervical motion and multilevel fusion decreased cervical motion by a mean of 5 degrees per segment of fusion. The C0-2 motion showed no change and did not compensate for the loss of subaxial cervical motion after single-or double-level fusion. Progression of RASP showed no correlation with the number of fusion levels. HRQoLs were not influenced by the number of fusion levels, cervical ROM, or SVA after solid ACF.
Few studies have analyzed the degree to which cervical ROM and HRQoL are affected by the number of cervical fusion segments.
Single-level ACF showed no decrease in total cervical motion; multilevel ACF decreased cervical motion by a mean of 7.8 degrees per segment of fusion.
Progression of radiographic adjacent segment pathology showed no correlation with the number of fusion levels.
HRQoLs were not influenced by the number of fusion levels, cervical ROM, or sagittal vertical axis after solid ACF.
